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With the rapid development of marine exploitation, exploration of marine 
resources, and marine environment monitoring, the requirements of marine 
information access, transmission and processing are increasing in recent years. 
Underwater acoustic communication technology has drawn significant attention and 
has become an important frontier of marine high-tech. The underwater acoustic 
environment’s features of complexity and time-varying, which lead to the Doppler 
frequency shift of the signal, inter-symbol interference, channel fading, has brought 
considerable challenge to underwater acoustic communication. With the recent 
progress of underwater acoustic communication such as time reversal techniques and 
spread spectrum communications techniques that can effectively reduce the channel 
impact on signal, underwater acoustic network based on robust point to point 
communication becomes more feasible.  
This thesis summarizes and introduces in detail the principles and practical 
implementation of time reversal with a brief introduction to the application of it. 
Underwater acoustic communication is one of the major application directions of 
time-reversal. Some important experiments and progress of time reversal UWA 
communication in recent years are shown. The biggest advantage of it is the capability 
of adaptive channel match without any prior knowledge of environment, on the form 
of time compression and spatial focusing. Meanwhile, the principle of Direct 
Sequence Spread Spectrum is introduced. The DS/DBPSK method with Differential 
coherent demodulation exhibits strong anti-jamming and anti-multipath capabilities, 
and can avoid the complicated carrier phase synchronization. 
The main contributions of this paper are as follows: 
1. Based on the understanding of marine acoustic characteristics, combining 
time reversal techniques with direct sequence spread spectrum techniques, a scheme 
suitable for hardware implementation of multiple channel time reversal underwater 
acoustic network node is proposed. The main idea of it is to repeat transmitting the 
channel probe and information frame, and then switch receiving channel one by one 
to enable the frame by frame multi-channel time-reversal processing to obtain the 
spatial gain and time gain of signal processing at relatively low real time 
computational load. 















incorporating the multi-channel time reversal and direct spread spectrum technology 
is proposed with the purpose to reduce system complexity while improving the 
robustness of communication. 
3. Based on above work, we designed the signal transmission circuit, the 
receiver preamplifier, digital filtering and automatic gain control circuit to form a 
prototype communication node system based on TI's TMS320DSP6713. Software 
defined digital modulation and demodulation methods greatly reduce the complexity 
of system hardware implementation. The proposed prototype features small size and 
anti-multipath interference capability. Lake experiment verifies the performance 
improvement of passive time-reversal communication and the effectiveness of the 
proposed time-duplex multi-channel passive time reversal communication scheme. 
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